WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
G03B 33/06 



Al 



(11) International Publication Number: WO 94/22050 

(43) International Publication Date: 29 September 1994 (29.09.94) 



(21) International Application Number: PCT/SE94/0025 1 

(22) international Filing Date: 22 March 1994 (22.03.94) 



(30) Priority Data: 

9300958-7 
9302792-8 



23 March 1993 (23.03.93) SE 
28 August 1993 (28.08.93) SE 



(71) Applicant (for all designaxed States except US): OPTICA 

NOVA ONAB AB [SE/SE]; Box 10229, S-100 55 Stock- 
holm (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BERGLUND, Stig [SE/SE]; 
Vartavagen 72, S-l 15 38 Stockholm (SE). 

(74) Agents: BERG, S., A. et ai.; H. Albihns Patentbyra AB, Box 
3137, S-103 62 Stockholm (SE). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK, LU, 
LV, MG, MN f MW, NL, NO, NZ, PL, PT, RO, RU. SD, 
SE, SI, SK, TT, UA, US, UZ, VN, European patent (AT, 
BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN, TO, TG). 



Published 

With international search report. 

In English translation (filed in Swedish). 



(54) Title: TV-PROJECTOR 




(57) Abstract 



A video projection system (10) for color projection which provides a laterally displaced petitioning of the projected image or picture 
on a screen (11). Light of several colors, e.g. generated by arrays of laser diodes (2), passes through a picture-transmitting element (1) 
and a projection objective (7). The picture-transmitting element (1) is preferably an LCD of the PDLCD-type. Lateral positioning of the 
picture is achieved either with the aid of microprisms, off-axis microlenses and/or dif&active optical elements (DOE) (71) on the exit side 
of the picture-transmitting element (1), or by using an off-axis iUuminating optic in the form of ellipsoidal mirrors, off-axis Frcsnel-lenses 
(31) or DOE (21) on the entrance side of the pictuie-ttaxisrmning elements. 
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TV-proiector 

According to one primary aspect the invention relates to a 
projector arrangement of the kind defined in the preamble of 
5 the following Claim 1. 

According to one aspect the invention thus relates to a 
projector arrangement in which light of different colors is 
combined through a picture or image display means, for in- 

10 stance LCD-screens, for off -axis projection on a screen with 
the aid of one single projection objective without appreciable 
loss in color filters a particular advantage with such an 
arrangement is that the image or picture can be made particu- 
larly bright and that a good function and good viewing economy 

15 is achieved. 

Many types of projection systems for projecting video pictures 
onto LCD-screens are already available commercially, although 
these systems have not been used to any great extent because 
20 of a number of inherent drawbacks. 

One drawback with the known projectors is that they offer poor 
viewing economy. For instance , if the projector is placed in 
a room in a position which corresponds to half the width of 

25 a vertical wall onto which the picture shall be projected, and 
if the projector is located at a level which corresponds to 
the height of the viewer's eyes, the centre point of the 
projected picture, or image, will lie at a corresponding 
height and width position on the vertical projection surface, 

30 so that the projector or viewer will obstruct the picture. It 
is therefore desirable to obtain a projector construction 
which will enable the projector picture to be parallel- 
displaced, for instance so as to allow the projector to be 
placed adjacent the ceiling or adjacent the floor and/or on 

3 5 a side wall of the projector room. 
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The illumination systems have a common focal region which in 
orthogonal projection towards respective picture transmitting 
elements lies essentially in the centre point of respective 
elements, resulting in the aforesaid poor viewing ergonomy. 

Present day projectors which include one single projection 
objective can be divided essentially into two main categories. 
In the first category several different picture-transmitting 
elements are each transilluminated with light of a single 
color, with different colors for each of the picture-trans- 
mitting elements. The light from the various picture-trans- 
mitting elements is then combined or brought together via a 
dichroic light-combining device comprising dichroic mirrors, 
for instance in the form of a dichroic prism. 

Projectors belonging to the second category have only one 
picture-transmitting element, which is illuminated with a 
broader spectrum. The projector includes different color 
filters in adjacent picture elements, therewith enabling color 
pictures or images to be projected. A consequent drawback of 
this second category is that a large amount of light is lost 
through filtration in the picture element. This also results 
in heating of the picture-transmitting elements, which may 
become quite considerable since the light flux transmitted is 
often high. We shall later illustrate embodiments of projec- 
tors which belong to this second category and which do not 
have the drawback of large light losses in color filters. We 
shall restrict observations in the following essentially to 
projectors which belong to this second category - even though 
it is said below that such considerations are also applicable 
to projectors which belong to the first category. 



Displays which are used in "virtual reality" can be considered 
as special case projectors belonging to the second category, 
35 where one projector is conveniently used for each eye so as 
to obtain a stereo effect. In this case, the projector objec- 
tive is corresponded by the lens of the human eye and an 
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ocular or eyepiece, whereas the projector screen is corre- 
sponded by the retina of the eye. 

With regard to the ergomony of the viewer, it is necessary to 
5 be able to place the projector on one side of the projected 
picture and above or beneath said picture in the case of front 
projection. Correspondingly, in "virtual reality" applications 
an asymmetric projection is required, since the field observed 
by the eye is asymmetrical - it is possible to observe a 

10 larger field towards the temple than towards the root of the 
nose, and it is possible to observe a wider field downwards 
than upwards. Thus, there is required in the first case an 
objective which permits reproduction with large asymmetric 
fields, and in the second case an ocular which permits large 

15 or wide asymmetric fields. Normally it is considered difficult 
to produce oculars, or eye pieces, with a field greater than 
about 60° - which is not sufficient when wishing to achieve 
realistic free vision in "virtual reality". 

20 The object of the present invention is to provide a projection 
system which will afford improved viewing ergonomy, while 
another object of the invention according to one aspect 
thereof is to provide a projector construction which will 
afford a higher light yield and which is lighter in weight and 

25 has a smaller volume, wherein another object of the invention 
according to another aspect thereof is to provide a projection 
optic which will enable a picture to be projected from a 
projector with improved viewing ergonomy in a beneficial 
manner . 

30 

The object of one aspect of the invention is achieved with 
projection systems in accordance with the accompanying Claim 
1. 

3 5 The further objects of the other aspects of the invention are 
achieved with the embodiments of the projection system accor- 
ding to the accompanying dependent claims. 
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Advantageous embodiments of the projection system will be 
apparent from the accompanying dependent claims. 

According to one aspect, the invention is based on a projec- 
tion system which includes a plurality of picture-transmitting 
elements, for instance LCD-screens, which are illuminated by 
several, for instance three, light sources of different 
colors, which may optionally have been obtained by color 
separation of light from one single light source, a common 
projection optic in the beam path downstream of the exit of 
respective picture-transmitting elements, and a focusing, 
illumination optic, wherein the projection optic_is located 
in or adjacent the common focal region. Against this back- 
ground, one aspect of the inventive projection system is 
mainly characterized in that the common focal region of the 
illuminating devices is located so that its optical orthogonal 
projection towards the plane in which the picture-transmitting 
element lies is essentially displaced or off-set from the 
centre of the picture-transmitting element, whereby the 
projected picture or image is parallel-displaced and the 
desired ergonomical advantage is achieved. 



According to a first embodiment in accordance with one aspect 
of the invention, light from the various light sources is 
directed onto the picture-transmitting element at different 
angles of incidence. The light first falls on a positive 
microlensmatrix or array having a positive lens for each group 
of different colors that together form a picture point and 
which focuses the different colors towards separate, negative 
of f -axislenses , which cause the light to pass the picture- 
transmitting element either orthogonally - in which case it 
is necessary to provide either off-axis microlenses, micro- 
prisms and/or DOE on the exit of the picture-transmitting 
element, so as to focus the light in accordance with the 
35 inventive principle - or focused in accordance with the 
inventive principle. 
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According to a second embodiment in accordance with one aspect 
of the invention, light from the various light sources is 
directed towards the picture-transmitting element at different 
angles of incidence. The light first falls on a positive 
5 microlensmatrix or array which has a positive lens for each 
group of different colors that together form a picture point 
and which focuses the different colors in through respective 
pixel openings with focus essentially within the pixel ope- 
nings. A matrix of positive microlenses having an off -axis 

10 positive microlens on the exit of each pixel opening which 
focuses light towards a focal region in the projection objec- 
tive in accordance with the inventive principle is provided 
on the exit of the pixel openings. Naturally, light-directing 
microprisms may also be provided on the entrances to the pixel 

15 openings and therewith reduce the demands on the positive 
microlenses on the exits. 

The af oredescribed techniques of using microlensmatrises can 
also be applied in the case of projectors according to the 
first category, where a positive microlens is provided on the 
entry side of each pixel instead. 



20 



In accordance with a third and a fourth embodiment according 
to the second category, the technique including the use of 
25 microlens matrises in the first and the second embodiments 
respectively is combined with focusing the light with the aid 
of an off-axis field lens on the exit side of the picture- 
transmitting element, in accordance with one aspect of the 
inventive principle. 

30 

The afaredescribed microlens matrises may conveniently be 
constructed as planar microlens matrises (PML) manufactured 
in accordance with a method devised by Dr Masahiro Oikawa, 
Nippon Sheat Glass, Japan. Becasue these microlenses are 
35 planar, embossment is facilitated in, for instance, PMMA of 
microlenses, microprisms or phase-DOEs thereon. 
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one method of achieving colliBatea illuminatlon 

of systems according to the second category is to use " 
wave d e plate r use 



chromatic Ught sources are led into the waveguide plate at 
such angles that the light will be totally refLctel on the 
disc defmmg surfaces. The waveguide disc, however is n „ 
v,ded with phase-OOE with a light-deflect^ abfli'ty ^n 
increases successively along the bean path, so that a uni- 
formly collided light distribution is obtained fro* L 
Plate ln each of the colors. The direction of each of Se 

Into".,, 1 * detarained by —length, DOE and the e^try angles 
into the waveguxde plate. These entry angles may have a l a - 
dimensional spread, whereby the colligated light exitina fro„ 
the waveguide plate will also obtain ^o-^nLZ^l™ 

dee ? „ aiffe " nt » »iH b. apparent that the 

descried wavelength disc can be used generally as a collie- 
There is obtained with the aid of a waveguide plate a highly 
compact and lightweight projector according to the second 
category seething which could be referred to as a "F!at Panel 
Projector" fFPP) . wnei 

we say in the following that illuminating light which has 

IITZ ? T 1 " C ° nver ' ent »— P«h =" the entry side of 
the Picture-transmitting element is colligated and that a 
dev.ee fro* which colligated light emanates is a collimator. 

Another way of illuminating the picture-transmitting element 
«th collated light is .to use off -axis paraboloida! Errors 
orellip Sol dal mirrors . The advantage with mirrors is that they 
do not introduce color errors. 

It is possible to use projectors that belong to the second 
category with the af oredescribed technique with waveguide 
Plates with one disc for each color per se, and then to com- 
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bine or superimpose the collimated light of different colors 
and directions with the aid of dichroic mirrors. The same 
applies, of course, to other types of illuminating optics - 
reflecting or transmitting. 

Another possibility is to use waveguide plates in projectors 
that belong to the second category, using the same waveguide 
plate for up to two colors and then combining or superimposing 
(blending) the colors with the aid of dichroic mirrors. 



An inherent problem of projectors of the type concerned is 
that conventional LCD-screens absorb a large part of the light 
transmission energy in those points that shall be dark, and 
for this reason it is proposed in accordance with one aspect 

15 of the invention that LCD-screens of the PD-type (Polymer Dis- 
persed) are used. Such PD-LCDs are described, for instance, 
in the article "Field Controlled Light Scattering From Nematic 
Microdroplets" by the authors J.W. Doane, N.A. Vaz, B.-G. Wu 
and S. Zumer, Applied Physics Letters 48, 269 (1986). One 

20 advantage with PD-LCD-screens is that they have no elevated 
light absorption upon reproduction of black color but that the 
light is scattered, thereby enabling a very high contrast to 
be obtained when an illumination field mixer is placed at the 
common focal point of the radiation bundles. DP-LCDs of the 

25 Active-Matrix-type (AMPDLCDs) are advantageously used. 

The LCD-screens shall be transilluminated with light of a 
plurality of monochromic colors, and according to one aspect 
of the invention it is proposed for this reason that the LCD- 

30 screens are transilluminated with light deriving from essen- 
tially monochromic light sources, wherein the lights source 
according to one preferred embodiment may be a laser or diode- 
laser light source. According to one particularly preferred 
embodiment of one aspect of the invention the LCD-screen 

35 trans illuminating light source is comprised of a laser diode 
matrix or array whose laser light is combined with the aid of 
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holograhpic optical elements and optionally in combination 
with lenses, to form a laser light beam. For a closer des- 
cription of a light source of this nature, reference is made 
to the article -Beam shaping for high power laser diode array 
by holographic optical elements" by H.P. Herzig, R. Dandliker 
and J.M. Teijido, published in the "Second International 
Conference on Holographic Systems, Components and Applica- 
tions" in Bath, England, 11-13 September 1989. The article is 
found in IEE Conference Publication No. 311, 1989, pages 133- 
137, in which there is described a method of combining or 
superimposing light from a laser diode array with the aid of 
two holographic optical elements and possibly an intermediate 
lens element of 99.3% efficiency, so that it would appear that 
the light arrives from one single bright laser diode. It is 
15 assumed in the aforesaid article that there is used a diode 
array with precisely the same light wavelength in the 
individual laser diodes. However, in order for the system to 
function it is necessary to phase-lock all laser diodes to one 
another. This is difficult to achieve in practice, however. 
One alternative is to permit the wavelengths to spread in the 
individual laser diodes within a range of about 10 nm. This 
results in an almost periodic function for the combined light 
intensity. The pulse interval, however, will be very short due 
to the relatively large band width. 
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The distribution of light in the resultant laser beam can be 
given a value which is adapted to obtain uniform illumination 
of the LCD-screen. The fact that this can be achieved with a 
difractive optic is shown in the article "Intensity distribu- 
tion transformation for general beam-shaping" by F.S. Roux and 
E- van Rooyen, SPIE, Vol. 1052, Holographic Optics Optically 
and Computer Generated (1989), pages 212-7 (ref. D), among 
others. The conclusion is drawn in this article that a radi- 
ally symmetrical intensity in distribution can be transformed 
to an arbitrary distribution, i.e. it is possible to adapt the 
light distribution so that it becomes uniform on the LCD- 
screen. In this regard, there are required two holographic 
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optical elements and optionally an intermediate lens. In order 
to obtain the highest possible light transmission, it is 
convenient to use computer generated phase-holograms produced 
by electron beam lithography (EBL). This technique is 
described in the article "Multilevel phase holograms manufac- 
tured by electron-beam lithography" by M. Ekberg, M. Larsson 
and S. Hard, optics Letters, Vol. 15, (1990), pages 568-9, 
among other literature. One inexpensive method of manufactu- 
ring phase holograms is to produce an embossment tool using, 
for instance, EBL, and then emboss the phase hologram in a 
PMMA- layer on a glass substrate. 



It is possible to effect the necessary color correction for 
the relatively narrow bandwidth in the af oredescribed devices . 
An example of this is described, for instance, in the article 
"Focusing of Diode Lasers for High Beam Quality in High Power 
Applications", by the authors Peter Albers, Hans H. Heimbeck, 
Eckhard Langenbach, presented at the "International Symposium 
on Optical Systems Design", Berlin 14-18 September 1992, 
20 sponsored by EOS and SPIE. 

In another preferred embodiment, the light source is a lamp, 
preferably an arc lamp or a so-called "electrode-less lamp" 
having a reflector which may be ellipsoidal, spherical or 
paraboloidal in shape. When the reflector is ellipsoidal, the 
light arc will lie in the focal point lying in the ellipsoid. 
When the reflector is spherical, the lamp arc is placed in the 
centre of the sphere. When the lamp is paraboloidal, the arc 
is placed in the focal point of the paraboloid. It is possible 
to use three different lamps, red, green and blue light 
respectively, or white light can be divided-up with the aid 
of a dichroic color separating system (DFS), for instance a 
dichroic prism. When the lamp is mounted so that the axis 
coincides with the symmetry axis of the reflector, there is 
35 obtained a ring-shaped light distribution. A diffusor can be 
placed in a focal range of the beam path, so as to obtain 
coherent and uniform light distribution. In one embodiment, 
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TcnlJ T* "* te ' miCrolens of a honeycomb 

German MarbSn condens -)- m tois way, light 

^1^1 h \T r 3 reCta ^ lar «~- way of achievL, 

uniform light attribution over the LCD-screen is to place in 
the vicinity of one o, the focal regions of ^ ^ 

trlTl T 1Ch *« ^ance, of crosl Ll 

prisms having a randomised prism angle. This enables uniform 
light distribution to be obtained within an ellipsoidal areT 
A third Method is to use beam-shaping with holographic optica! 
source" •TT -i 7 to R ' f • °- *-» starting from a white light 
sep^ion. " SMPleSt ^ «*- color 

When combining the beam-shaping methods, i.e. the method 
described in the article "Beam shaping for high power la^r 
diode array ...» and the method described in ref . D the 
second DOE in the first reference can be dispensed with. 

vh to H rd -, C r nCeiVable li91 * SOUrCe "* emitting diodes 

which will have the narrowest band possible. These can be 

combined or superimposed in a Known manner, e.g. with the aid 

of a fiberoptic switch so that light in one and the same color 

will emanate from a relatively small area. It is possible to 

use with these light sources the af oredescribed diffractive 

Ttt T\ deViCeS t0 enablS USe ° f «» ^oredescribed 

dlffractiv optical devices with DOE and waveguide plates. 

It is not only the number of pixels that are important to the 
optical resolution in the picture, but also the arrangement 
of the pixel elements in relation to one another. It is known 
already from the art of color printing that a diagonal ar- 
rangement of picture points will provide much better picture 
reproduction than when the picture points are arranged verti- 
cally/horisontally. In the case of three-color projection 
using projectors of the second category, it is best to allow 
the three color-pixels in a picture point to form a T-shape. 
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In this way an eqvally long distance is obtained to the 
nearest pixels for the same color. This distance is also 
favourably large. This can be achieved by giving the micro- 
lenses in the positive microlens array or matrix on the 
5 entrance to the picture-transmitting element, either a T- 
shape, a hexagonal shape or a rectangular shape. In this 
latter case, the rectangular microlenses are disposed in the 
same way as bricks in a brick wall . The three-color pixels can 
also be disposed in an L-shape, in which case the positive 
10 microlenses in the microlens array on the entrance will also 
obtain a corresponding L-shape. An hexagonal shape is the most 
favourable shape in regard of the positive microlenses. 
Hexagonal shapes can also be obtained with PML-technology . 

15 The most favourable shape for these positive microlenses is 
obtained with a four-color projector, in which case the four- 
color pixels are disposed in a square or a rectangle, with the 
squares or rectangles arranged diagonally, as bricks in a 
brick wall. The positive microlenses in the microlens array 
at the entrance to the picture-transmitting element may also 
have a square or rectangular shape, these shapes conforming 
well to PML* of hexagonal shape. It is also possible to use 
PMLs in the second embodiment of the projector according to 
the second category. 
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One of the fundamental principles for realizing the aims of 
one aspect of the invention resides in the use of time multi- 
plexing, optionally in combination with space multiplexing, 
by dedicating pixels to different colors in one and the same 
picture-transmission element - either by using color separa- 
tion techniques or by causing light to be blocked in cells 
which do not have the color to which the cell is dedicated • 

By time multiplexing is meant that the video information is 
35 divided in time so as to transmit to the picture-transmission 
element (PTE) .a picture or image as a plurality of partial 
pictures or images that are separated in time, where each of 
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these partial pictures or images reproduces picture informa- 
tion for a number of colors. 

In accordance with a first embodiment according to second 
category, the single picture-transmission element (PTE) is 
5 illuminated by different time-multiplex light sources of 
different colors. The light sources are controlled in corre- 
lation with the picture information sent to the picture- 
transmission element (PTE), so that information in a first 
color is generated via the PTE when the PTE is illuminated 
10 wath the color in question. In this case, only a minimum 
number of pixels are able to generate pictures or images with 
very good color reproduction. 
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In accordance with a second embodiment according to the second 
category both time multiplexing and space multiplexing are 
used in the single PTE. Time multiplexing is carried out in 
the manner described above, whereas space multiplexing is 
effected by color separation with the aid of microlens arrays 
xn accordance with the two principles described above. 
One aspect of the invention is the application of "virtual 
realxty", in which the first embodiment may be preferable 
since it does not require such a large light flux. In order 
to obtain good and natural viewing ergonomy, it is necessary 
for the field angle on the side of the observer to be at least 
60', and preferably larger. In order to facilitate the design 
of the ocular or eyepiece, it is therefore suitable to 
illuminate the PTEs with convergent light. The naturally 
observed field is not rotationally symmetrical. The field has 
a larger angle downwards than upwards. In order to further 
facilitate the design of an economically configured ocular 
xt may therefore be suitable to configure the lighting so that 
at the bottom edge of the PTE the light has a larger outwardly 
directed angle of incidence than the downwardly directed 
angle at the upper edge. In order to eliminate color aberra- 
tions emanating from the illuminating optic it is preferred 
to use an off-axis ellipsoidal mirror with the light sources 
or picture or image thereof in one focal point of the mirror 
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while placing the other focal point of the mirror without an 
ocular or eye piece as close as possible to position of the 
pupil of the eye - with regard to the possible angles of 
incidence on the PTE. In order to obtain the best possible 
5 light distribution, a diffusor can be placed in the beam path 
inwardly of the ellipsoidal mirror or its correspondence in 
the vicinity of a region or area common to all light sources. 

Different aspects of the invention will now be described with 
10 reference to examples thereof and also with reference to the 
accompanying drawings. The first two drawings give general 
descriptions of the fundamental embodiments. 

■I m * 

Figure 1 illustrates schematically the principle structural 
15 design of projectors belonging to the second category in 
accordance with the first and the third embodiment, wherein 
light of different colors falls at different angles onto an 
array of afocal microlens systems on the entrance side. 
Figure 2 illustrates schematically the principle structural 
design of projectors belonging to the second category in 
accordance with the second and the fourth embodiment, wherein 
light of different colors falls at different angles onto an 
array of positive microlenses on the entrance side with a 
further array of positive microlenses on the exit side. 
25 Figure 3 illustrates schematically a projector system which 
is displaced in the height and lateral directions in relation 
to the centre of a vertical display screen. 

Figure 4 illustrates schematically illumination of a picture- 
transmitting unit provided with an array of laser diodes. 
30 Figure 5 illustrates schematically how the principle illu- 
strated in Figure 20 functions when using microlenses or 
microlens surfaces. 

Figures 6 and 7 are two orthogonal projections illustrating 
schematically a projector belonging to the second category, 
35 in which only one single picture-transmitting element is used. 
Figures 8 and 9 illustrate schematically in two orthogonal 
projections how color separation and transmission through the 
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Pixel openings is achieved in the projector illustrated in 
Figures 6 and 7. 

Figure io shows the for. of a positive microlens in tfce 
systems shown in Figures 6-9. 
5 Figure 11 illustrates adaptation of the light bean through the 
pixel opening to the shape of said opening. 

Figure 12 illustrates the coverage of a surface with micro- 
lenses of the type shown in Figure 10 

Figures !3 and 14 illustrate schematicaliy the construction 
of a color channel in which a DOB or system of microlenses/- 
microprisms is included on the exit side of the picture- 

transmitting element. 

Figure 15 illustrates schematically the principle construction 
-illustrated in Figures 13 and 14, in which a microlens or a 
15 nucropnsm is provided after each pixel opening. 

Figure « illustrates schematically an example of the con- 
structxon of three color channels extending from the light 
source to the screen. 

Figure l7 illustrates schematically the construction of a 
diffusor with cross-laid prisms of random inclination or 

slope . 

Figure 18 illustrates schematically the conversion of arbit- 
rary light distribution to a uniform and essentially rec- 

25 T gnl / T diStribUtion ' <*. aid of a honeycomb condenser 

25 placed m a focal region. 

Figures 19 and 20 illustrate schematically the construction 
of the microlens arrays included in the honeycomb condenser. 
Figure 21 illustrates a three-color projector belonging to the 
second category, in which a waveguide plate is used for 
3 0 illumination purposes. 

Figure 22 illustrates a method of arranging the pixel elements 

xn the picture-transmitting element in the projector shown in 
Figure 21. 

Figure 23 illustrates a method of arranging the positive 
ntxcrolenses in the projector shown in Figure 41 with the pixel 
arrangement shown in Figure 22. 
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Figure 24 is a detail study of the projector shown in Figure 
21. 

Figure 25 illustrates very schematically a detail study of an 
LCD-projector, using color separation technique. 
5 Figure 26 illustrates an alternative, preferred method of 
arranging positive microlenses in the projector shown in 
Figure 21 with the pixel arrangement shown in Figure 22. 
Figure 27 illustrates a preferred method of arranging the 
pixel elements in a four-color projector belonging to the 
10 second category. 

Figure 28 illustrates a method of arranging the positive 
microlenses on the entrance to the picture-transmitting 
element in a four-color projector belonging to the second 
category . 

15 Figure 29 illustrates a preferred method of arranging the 

positive microlenses on the entrance to the picture- trans- 
mitting element in a four-color projector belonging to the 
second category. 

Figures 30 and 31 illustrates two projections of a four-color 
projector belonging to the second category, with a waveguide 
plate as illumination optic and with a positive microlens 
array on both the entrance and the exit of the picture-trans- 
mitting element. 

Figure 32 shows a detail study of the projector illustrated 
in Figures 30 and 31 

Figures 33-35 show three projections of the first embodiment 
according to the second category, with collimated light in 
three colors from the three waveguide plates. 
Figure 36 illustrates schematically a three-color video 
30 projector of the second category, in which only time multi- 
plexing is used. 

Figure 37 illustrates schematically a six-color video projec- 
tor in which both time multiplexing and space multiplexing are 
used and in which the illumination light is combined with the 
35 aid of three ellipsoidal dichroic mirrors. 

Figure 38 illustrates schematically the one projector in a 
three-color "virtual reality" application. 
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Figures 39-41 illustrate the princple of oblique projection. 

In the following description of Figures 1-38 the suffixes R, 
G and B are used to identify light of different colors and 
5 devices that are dedicated to this light. The reference 
numeral 2 identifies a general light source . When using a 
broadband light source, such as an arc lamp, light sources 2R, 
2G and 2B can conceivably be obtained from this one single 
light source by color separation with the aid of color 

10 separating filters. The reference numeral 1 identifies a 
picture-transmitting element. The reference numeral 7 identi- 
fies the projection objective which reproduces on the projec- 
tion screen 11 the picture or image generated by the picture- 
transmitting element 1 . The reference numeral 6 identifies the 

15 region onto which light is focused by the illuminating object 
in all colors. 

Figure 1 illustrates schematically the structural design of 
projectors of the second category according to the first and 

20 the second embodiment, where light of different colors falls 
at different angles onto an array or matrix 907 of afocal 
microlens systems. The reference numeral 171 identifies an 
optic which is comprised, for instance, of microprisms or off- 
axis field lenses and which collects the light adjacent the 

25 focal region 6. Reference 311R denotes the angle between the 
color R and the color G. The reference 311B denotes the angle 
between the color G and the color B. 

Figure 2 illustrates schematically the structural design of 
30 projectors belonging to the second category in accordance with 
the second and the third embodiment, wherein light of 
different colors falls at different angles onto an array 322 
of positive microlenses. The reference numeral 324 identifies 
an array of positive microlenses. The reference 171 identifies 
35 an optic comprised, for instance, of microprisms or off-axis 
field lenses, which collects the light adjacent the focal 
region 6. The reference 311R denotes the angle between the 
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color R and the color G. The reference 311B denotes the angle 
between the color G and the color B. 



Figure 3 illustrates schematically a projector arrangement 10 
5 which is displaced in a height direction and laterally in 
relation to the center of a vertical picture screen 11. 

Figure 4 illustrates schematically a laser diode field (LDA) 
200 which is followed by a first diffractive optical element 

10 (DOE) 201, and a second DOE 203 which is spaced from the first 
DOE, and optionally an intermediate lens 202, to generate a 
beam of laser light 205 with a light distribution which as yet 
is not adapted to provide uniform illumination of the picture- 
transmitting unit 979, which comprises focusing and picture- 

15 transmitting elements among other things. With the aid of a 
further two DOEs 208, 209 and optionally an intermediate lens 
204 there is achieved in the light beam or light bundle 207 
a light distribution such as to illuminate the picture- 
transmitting unit 979 located downstream of the negative lens 

20 206 with the same quantity of light through each pixel. It is 
necessary in this regard to take into account the fact that 
the angles of incidence of the light will vary in relation to 
the various pixels in the picture-transmitting element. The 
virtual picture or image from which the light that illuminates 

25 the picture-transmitting unit appears to emanate can be used 
to form the generally punctiform light source 2 for trans- 
illuminating the associated picture-transmitting element 979. 
As earlier shown, it may be suitable to provide a collimating 
or focusing optic in front of the picture-transmitting 

30 element. The fundamental features of the light source 
illustrated in Figure 4 are described in the article "Beam 
shaping ..." and in ref. D mentioned in the introduction. The 
DOE 203 can be omitted. 

35 Figure 5 illustrates the principle of how the transmission of 
light through the pixel openings is increased with the aid of 
the microlens system. In front of each pixel opening 26 there 
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is placed a positive lens 24 and a negative lens 25 whose axes 
essentially coincide with the main direction of the light 
incident on the picture-transmitting element* The lenses 24 
and 25 together form an afocal system which concentrates the 
5 light through the pixel openings. 

Figures 6 and 7 are schematic orthogonal projection views of 
a projector belonging to the second category , in which only 
one single picture-transmitting element is used. The reference 

10 numeral 398 identifies a collimating optic, which may be a 
Fresnel-lens for instance. The reference numeral 322 identi- 
fies an array of positive microlenses , while reference numeral 
323 identifies an array of negative microlenses. The reference 
numeral 71 identifies an array of microlenses, microprisms 

15 and/or DOEs. 

Figures 8 and 9 are two orthogonal projections illustrating 
a detail study of the system shown in Figures 6 and 7. In this 
case, light of color G falls on the array 322 of positive 

20 microlenses 94. Light of color R on the array 3 22 at a pro- 
jection angle 311, while light of color B on the array 322 at 
an angle 312 to the former orthogonal projection. As illu- 
strated in Figure 10, the extension of the lens 94 is such as 
to cover an area which is equal to the three pixels required 

25 to reproduce a picture pixel in three colors. It can easily 
be shown that a surface area can be covered completely with 
lenses of this form. Light in the aforesaid three colors R, 
G, B will now be separated and fall on negative microlens 
elements 314R, 314G, 314B, which in turn cause the light to 

30 be collimated and to pass through respective pixel openings 
315R, 315G, 315B in the LCD 1. The array of microlenses, 
microprisms and/or DOE 71 then cause the light to be focused 
onto the point 6, as illustrated in Figures 6 and 7. 

35 Figure 11 shows how the shape of the light beam 91 through the 
pixel opening 315 has been adapted to the shape of the pixel 
opening defined by the frame 92 and the transistor element 93. 
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Because of the smallness of the microlenses, significant 
diffraction is obtained and it may therefore be necessary, 
among other things, to prevent stray light of a given color 
for a given pixel opening entering adjacent pixel openings 
5 intended for other colors, by using with each pixel opening 
some form of color filter which will allow only light of that 
particular color for which the pixel opening is intended to 
pass through. 

10 Figure 12 shows how a surface can be completely covered with 
lenses of the form illustrated in Figure 10 . Reference numeral 
944 identifies the generating form, which is precisely the 
same for the positive lens as for a group of the three 
differently colored pixels that together form a picture pixel. 

15 The pixels for the three different colors are referenced PR, 
PG, PB. It will be seen that the distance between adjacent 
pixels in the same color is large on average. They meet solely 
with corner contact along one diagonal* It is suitable to 
arrange the transistors (93) of the pixel elements along this 

20 diagonal, so as to improve separation between adjacent pixels 
in the same color. 

Figures 13 and 14 illustrate schematically how light trans- 
mitted through a picture-transmitting element 1 can be focused 
25 onto the focal region 6 in accordance with one aspect of the 
inventive principle, with the aid of DOE microprisms or off- 
axis microlenses 71. Figure 14 is a view of the arrangement 
shown in Figure 13 taken on the line V-V in said Figure. 

30 Figure 15 illustrates schematically the case when the element 
71 in Figures ai, and 32 is comprised of microprisms or off- 
axis microlenses 72 behind each pixel opening 315. The ele- 
ments 72 may, of course, also be "Fresnelized" . 

35 Figure 16 illustrates schematically an example of the con- 
struction of one of the three color channels all the way from 
the light source 777 to the screen 11. The light source 777 
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may either be monochromatic or quasi -monochromatic and is 
generated, for instance, from laser diodes or arc lamps 
respectively, as described in the aforegoing. The component 
204, 208, 209 have the same function, to produce desired light 
5 distribution as described in Figure 4 . The negative lens or 
the DOE spreads light over the whole of the LCD-screen 1. The 
component 73 may be a DOE or a Fresnel-lens and functions to 
collimate the light so that it will fall orthogonally on a 
matrix or array of microlenses 22, 23, which collects the 
10 light in through the pixel openings. 

Figure 17 illustrates schematically a dif fuser with cross-laid 
microprisms. Microprisms provided on the plates 41 and 42 are 
disposed so that the prisms 42 will be orthogonal to the 

15 prisms 41. They are placed close together in a focal area of 
the illuminating light beam in front of the picture-trans- 
mitting elements. The slope or inclination of the prisms has 
a random distribution , so as to equalize the angular dis- 
tribution. The light distribution can be adapted to the HDTV- 

20 format, by giving, for instance, the prisms 41 a distribution 
over an angular range which is different to the angular range 
of the prisms 42. The design of the diffusor can t>e facilita- 
ted, by placing an essentially collimating optic in the front 
in the beam path. 

25 

Figure 18 illustrates a microlens -variant of a honeycomb 
condensor placed in the focal region of the beam path. The 
reference numeral 663 identifies an array of rectangular 
microlenses. The reference numeral 664 identifies an array of 

30 hexagonal microlenses . The microlenses are configured in a 
known manner so that the collimating optical element 668, 
which may be a Fresnel-lens , is uniformly illuminated. The 
design of the honeycomb condensor can be facilitated, by 
placing a collimating lens 798 in front of the condensor. The 

35 diameter of the honeycomb condensor should be as small as 
possible, so as to obtain a good contrast when projecting. A 
diameter of 1-5 mm is believed to be appropriate, in view of 
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the fact that the ratio between said diameter and the distance 
from the collimating optic 668 should be at most in the order 
of 0.01. The same also applies, of course, to the diffusor 
shown in Figure 17 . 

5 

Figure 19 illustrates the pattern of the microlenses 665 in 
the microlens array 663 shown in Figure 38. The microlenses 
665 have the same proportions as the element 668, which in the 
HDTV— case is 16:9. 

10 

Figure 20 illustrates the pattern or configuration of the 
microlenses 667 in the microlens array 664. Each microlens 665 
essentially reproduces ,or images the light source in a single 
microlens 667, which in turn reproduces or images the micro- 

15 lens 665 on the element 668, The honeycomb condenser is 
constructed so that the area illuminated on the microlens 
array 664 will be in the order of 1 to 2 mm, depending on the 
size of the light source. The illuminated area of the micro- 
lens array 663 is typically ten times greater than the area 

20 illuminated on the microlens array 664. 

Figure 21 illustrates a three-color projector FPP belonging 
to the second category. The first embodiment in which illumi- 
nation is effected with a waveguide plate 601. Monochromatic 

25 light from respective light sources 2R, 2G and 2B is combined 
via the dichroic prism 555 to the band-formed cylinder lens 
603, which may be a Fresnel-lens and which collimates the 
light within the waveguide plate 601. The angular distribution 
out from the waveguide plate will either be two-dimensional 

30 or one-dimensional, depending on the relative angular dis- 
tribution of light of the different wavelenghts exiting from 
the dichroic prism 555. The light exiting from the waveguide 
plate will then pass the color-separating positive microlens 
array or matrix 322 and then the collimating negative micro- 

35 lens array or matrix 323. The reference numeral 71 identifies 
some form of field lens, which may be comprised, for instance, 
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of microprisms on the exit of the pixel elements, optionally 
combined with an off -axis field lens. 

Figure 22 illustrates a method of arranging the pixel elements 
5 PR, PG and PB in the picture-transmitting element in the 
projector shown in Figure 21. The pixel elements have 
associated pixel openings 315R, 315G and 315B. 

Figure 23 illustrates a method of arranging the positive 
10 microlenses 94 in the projector shown in Figure 21 having the 
pixel arrangement shown in Figure 22. A microlens 94 covers 
precisely the surface area that is covered by the rows of 
pixel elements PR, PG and PB together. ~ 

15 Figure 24 is a highly schematic illustration of an LCD-pro- 
jector using a color separation technique, i.e. a technique 
in which the different colors R, G and B are separated prior 
to entering dedicated light valves or light switches 1R, 1G 
and IB. Light arrives in the mutually different directions 311 
and 312 to a microlens array 322 having positive microlenses 
94. Light of the three different colors will each fall on its 
respective negative microlens 314R, 314G and 314B in a second 
microlens array 323 and then pass to its respective light 
valve 1R, ig and IB in an LCD-array 1, whereafter they reach 
25 the light-directing, color-corrected combinations 7R, 7G and 
7B of diffractive array or matrix elements and microprisms in 
the arrays or matrises 21 and 22. 



20 



30 



Figure 25 is a highly schematic illustration of an LCD-pro- 
jector which uses a color separation technique, i.e. a tech- 
nique in which the different colors R, G and B are separated 
within dedicated light valves 1R, 1G and IB. Light arrives, 
in the mutually different directions 311 and 312, at a micro- 
lens array 322 having positive microlenses 94. Light in the 
35 three different colors falls* on its respective light valve 
1R, 1G and IB in an LCD-array 1, whereafter they reach the 
light -directing, color-corrected combinations 7R, 7G and 7B 
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of dif tractive matris or array elements and microprisros in the 
arrays or matrises 21 and 22. 



Figure 26 illustrates an alternative, preferred method of 
5 arranging positive microlenses 994 in the projector shown in 
Figure 21 with the pixel arrangement shown in Figure 22. In 
this case, it is necessary for the light that falls on the 
positive microlens array to have a two-dimensional distribu- 
tion adapted to the two-dimensional T-conf igured arrangement 
10 of the pixel elements PR, PG and PB. . Instead of T-conf igured 
microlenses, it is possible to use to advantage hexagonal 
microlenses with one microlens for each group of three-color 
pixels and covering completely the surface area of the pic- 
ture-transmitting element 1. 

15 

Figure 27 illustrates a preferred method of arranging the 
pixel elements PA, PB, PC and PD in a four-color projector 
belonging to the second category. 

20 Figure 28 illustrates a method of arranging the positive 995 
microlenses on the entrance to the picture-transmitting 
element in a four-color projector belonging to the second 
category. In this case, each microlens covers precisely the 
surface area corresponded by the pixel elements PA, PB, PC and 

25 PD. 



Figure 29 illustrates a preferred method of arranging the 
positive microlenses 996 in honeycomb form on the entrance to 
the picture -transmitting element in a four-color projector 
30 belonging to the second category. One advantage afforded by 
this form is that it provides for cheaper manufacture in the 
form of planar microlenses (PML) . 

Figures 30 and 31 are two projection views of a four-color 
35 FPP-pro jector belonging to the second category, the second 
embodiment, comprising a waveguide plate as an illuminating 
optic and having a positive microlens array or matrix 322F on 
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the entrance of the picture-transmitting element and a 3 24 on 
the exit of the picture-transmitting element. Figure 31 is a 
projection view of the projector shown in Figure 30, taken on 
the line CLI-CLI. Divergent flat light beams from the four 
5 monochromatic light sources 2A, 2B, 2C and 2D, which have 
different wavelengths, said flat light beams having main 
directions with two-dimensional distribution, enter the 
elongated cylinder-lens 603, which functions to collimate the 
light prior to its entry into the waveguide plate 601- The 

10 uniformly distributed light arriving from the waveguide plate 
601 and collimated in all colors then arrives at the array 
322F having positive microlenses, which may advantageously be 
PLMs, as shown in Figure 28, There is located on~the- exit of 
the pixel openings an array of positive microlenses, which 

15 may also advantageously be PLMs. Also provided is a field lens 
71 in the form of microprisms, optionally in combination with 
an off -axis field lens. 

Figure 32 is a detail study of the projector shown in Figures 

20 30. Reference numeral 601 identifies the waveguide plate at 
which light arrives at such angles as to be totally reflected 
multiply, but which on the surface 601D has a phase-relief 
grating whose relief depth increases successively along the 
beam path. The glass surface on the entrance to the picture- 

25 transmitting element, which may advantageously be of the 
dispersive kind, is provided with positive PLMs 94F which 
separate the light into all four colors and focus the light 
in through respective pixel openings 315A and 315B and also 
through the pixel openings 315C and 315D hidden behind said 

3 0 pixel openings 315A and 315B. The glass surface on the exit 
of the picture-transmitting element is provided with a posi- 
tive PMLs 317A and 317B and also 317C and 317D hidden behind 
317A and 317B for each pixel opening and also with microprisms 
318A and 318D and also 318C and 318D hidden behind 318A and 

35 318D - optionally in combination with an afocal field lens for 
focusing onto the focal region 6 in the projection objective. 
The microprisms may advantageously be produced by embossing 
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a PMMA coating on the surface provided with PMLs. The phase 
grating on the surface 60 ID of the waveguide plate can also 
be obtained by embossing a PMMA-layer* 

5 Figures 33-35 are three projections of the second category, 
the first embodiment, with collimated light in three colors 
from three waveguide plates 601R, 601G and 601B which collima- 
ted with different angles of incidence are combined with the 
dichroic prisms in towards the array 322 of color-separating 

10 positive microlenses, preferably in the form shown in Figure 
26. The reference numeral 322 identifies an array of negative 
microlenses which collimate the light into the pixel openings 
in the picture-transmitting element l, which is provided on 
its exit with microprisms which, optionally together with an 

15 off -axis field lens, focus the light in through the objective 
7 to the focal region 6, where an illumination-field mixer is 
located. 

Figure 36 illustrates schematically the construction of a 

20 purely three-fold time-multiplexed three-color projector 
having only one PTE1. The video signal arrives at the multi- 
plexor unit 22 via V, where the signal is divided timewise 
into one signal for each of the three colors sent to the PTE1 
via L. At the same time as video information in the PTE1 

25 switches from one color to another, a corresponding light 
source 2A, 2B, 2C is activated via Dl, D2 and D3 respectively. 
The light from the light sources 2A, 2B, 2C is directed in 
towards a diffusor unit 8 which, for instance, may be 
configured as shown in reference A with cross-laid microprisms 

30 of such statistic distribution of the prism angles as to 
obtain uniform illumination of the PTE1 subsequent to the 
light having been reflected on the ellipsoidal mirror 4, the 
one focal point 9 of which lies in the diffusor unit 8 and the 
other focal point 6 of which lies in the objective 7. 

35 Alternatively, the diffusor units may have the form of micro- 
lens-variants of a honeycomb condensor shown in ref . A. The 
picture on the screen 11 can be displaced both vertically and 
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laterally, by appropriate positioning of the focal point 6. 
A lens optic may be used instead of an ellipsoidal mirror. The 
illuminating optic 4 may also be a collimating optic, for 
instance by using a parabolic mirror or a lens optic. In this 
5 regard, some form of refractive optic should be provided on 
the exit of the PTE1 , for instance in the form of a microprism 
array which focuses the main beams within the objective 7 onto 
the focal region 6, preferably in two dimensions laterally 
displaced. In order to improve the efficiency of light 

10 transmission through the PTE, it may be convenient to use 
microlens arrays to focus the light in through the pixel 
openings, in a known manner. We have here produced a three- 
color projector with the use of solely one PTE. Naturally, the 
. same principle can be applied for any desired number of 

15 colors. However, one problem that may arise with a large 
number of colors is the high speed at which the PTE is then 
required to operate. 

Figure 37 illustrates schematically an inventive six-color 

20 projector system which uses six-fold time-multiplexing with 
three-fold color separation in the PTE1. The light is colli- 
mated and combined with the aid of three series -connected 
ellipsoidal mirrors 4, 4', 4", the focal point of which 
coincides with the virtual light source 9 and the other focal 

25 point of which is at 6, 6' and 6" respectively. The ellipsoi- 
dal mirrors 4 and 4' are dichroice so as to reflect solely 
their respective color of the said three colors, while the 
remaining colors are transmitted. Color separation is effected 
with microlens arrays in the PTE IK in the manner disclosed 

30 in either reference A or reference B. The lens 23 is used in 
a manner similar to that disclosed when describing the system 
illustrated in Figure 3. The light source 2 includes a total 
of six different color light sources which are controlled via 
the connections D1-D6 . The illumination optic has been shown 

35 only schematically and may be constructed in accordance with 
the alternatives shown in ref. A - optionally in part also 
included in unit IK in the form, for instance, of microprisms 
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or dif tractive optical elements on the exit which focuses the 
light onto the objective 7. Alternatively, the illumination 
optic 4 gives essentially collimated light by using paraboloid 
mirrors instead of ellipsoidal mirrors, whereas, for instance, 
5 microprisms or dif tractive optical elements on the exit of the 
PTE IK directs the light onto the region 6 in the objective 
7. The video signal V arrives at the multiplexor unit 22, 
which divides timewise the video information relating to the 
six colors into two groups each containing three colors. In 
10 conjunction with activating the video signal for the first 
color in the PTE IK via L, a- first light source is activated 
via Dl. When the video signal for the second color is then 
active in PTE IK, a second light source is activated via D2. 
In the next phase, when the video signal for the third color 
15 in the PTE IK is activated via L, the third light source is 
activated via D3 , and so on until all six colors have been 
projected, this procedure being defined as a cycle* It may be 
convenient to carry out about 200 such cycles per second, 
although a lower frequency of, for instance, 70 cycles per 
20 second may be sufficient. By selecting the colors in the six 
light sources in three groups where the colors lie spectrally 
close to one another, and color separation can be achieved 
in groups in the way described in ref. A or ref . B by giving 
light in these three groups slightly different angles of 
25 incidence into the PTE IK. The use of this three-fold color 
separation color information relating to three colors to be 
activated simultaneously in the PTE IK, therewith reducing the 
speed at which the PTE IK need operate by a factor of three, 
in comparison with the case when no color separation is used. 
30 Thus the same speed requirement is placed on the PTE, although 
with the advantage that only one PTE is required instead of 
three. The colors can be activated in any desired sequence in 
a cycle, although it is necessary to first choose all three 
colors for which the video information is first stored in the 
3 5 PTE IK. In each of the two groups of color video information 
active simultaneously in the PTE, it is a generally red, a 
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generally green and a generally "blue" color so -that it can 
be said that two RGB-signals alternate in time. 



It will be understood that the system illustrated in Figure 
5 3 7 can be used as a three-color projector without time multi- 
plexing, either with three ellipsoidal mirrors or three 
paraboloidal mirrors. 

Figure 38 is a schematic side view of one of two purely time- 
10 multiplexed three-color projectors in a virtual reality 
application. The video signal arrives at the multiplexor unit 
22, via V, where the signal is divided timewise into a signal 
for each of the three colors prior to the PTE 1 via L. At the 
same time as the video information in the PTE 1 switches from 
15 one color to another , corresponding light sources 2A, 2B, 2C 
are activated via Dl f D2 and D3 respectively. The light from 
the light sources 2A f 2B and 2C is directed in towards a 
diffusor unit 8, which, for instance, as shown in ref . A, may 
be provided with cross-laid microprisms of such statistic 
20 distribution, with regard to the prism angles, as to obtain 
uniform illumination of the PTE 1 after the light has been 
reflected on the ellipsoidal mirror 4, the one focal point 9 
of which lies in the diffusor unit 8 and the other focal unit 
point 6 of which lies behind the eye E. Alternatively, the 
25 diffusor units may have the form of microlens- variants of a 
honeycomb condensor as shown in ref. A. In order to facilitate 
the construction of the ocular or eye piece 24, the light 
emanating from the three light sources 2A, 2B, 2C is focused 
onto the point 6 such that the angle Al will be larger than 
30 the angle A2 out from the PTE 1. The ocular 24 is configured 
in accordance with the fundamental concept on the use of 
decentering as discussed with regard to the projection objec- 
tive in ref. A. Since the eye sees a smaller field upwards 
than downwards, the angle Bl will preferably be smaller than 
35 the angle B2. Suitable angles are 0<A1<20, 0<A2<30, 10<B1<40 
and 30<B2<60 degrees. The size of the exit pupil that coin- 
cides with the pupil of the eye E is determined, among other 
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things, by the spread of the virtual light source 9. The exit 
pupil will preferably have a diameter of 1 to 2 cm • Analog- 
ously, larger angles can be chosen outwardly in a lateral 
direction than inwardly towards the root of the nose. We have 
5 here a compact construction for showing "virtual reality" - 
pictures or images in three colors. The system can be con- 
structed analogously for six colors for instance. Another 
decisive advantage is that a large, possibly asymmetric field 
of vision is made possible because the main beams are con- 
10 vergent in towards the ocular. 

Figure 39 is a highly schematic illustration of one aspect of 
the invention in which the projection objective (1) projected 
orthogonally to the plane of the picture-transmitting element 

15 (1)# will lie outside the optically active surface (1) of the 
picture-transmitting element so that the main beam which 
passes from the corner nearest the objective to the objective 
will form an outwardly rotated angle Bl in relation to a 
normal (Nl) to the picture-transmitting element (1), said 

20 angle being of the order of 0-20* for instance. 

Figure 40 illustrates schematically how a projector according 
to Figure 39 is placed in relation to the screen 11. The 
projection objective 7 will lie essentially on the extension 
25 of a diagonal of the corners HI and H2 of the projected 
picture . 

Figure 41 illustrates schematically a view of the arrangement 
shown in Figure 40, taken on the line A-A in said Figure 
30 wherein the view is orthogonal to the diagonal H1-H2 in the 
picture (11) and wherein the beam (SI) passing from the 
projection objective (7) to the nearest corner (HI) of the 
projective picture (11) forms an angle V2 which lies in the 
range of 0-20 ° . 

35 
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Since a paraboloid is a special case of an ellipsoid, the 
ellipsoids of all of the af oredescribed arrangements or 
systems can be replaced with paraboloids and vice versa. 

5 Although it has been assumed when describing the illustrated 
systems and arrangements that the projected picture is dis- 
placed both vertically and horizontally, it will be understood 
that the arrangements can be constructed so as to obtain a 
more or less central, conventional projection. 

10 

The af oredescribed diffusors can replace totally the earlier 
(ref. D) described diffractive system for "beam-shaping". 

What has been referred to above as the orthogonal projection 
15 of an object to a plane (e.g.' a picture-transmitting element) 
relates to something that could be called optical orthogonal 
projection to the plane and which would be an orthogonal 
projection if flat mirrors were not found between the object 
and the plane. In a tunnel diagram it becomes a conventional 
20 orthogonal projection. Analogously, it can be said that a 
plane is optically parallel with another plane. 

One method of reducing the requirements placed on the array 
or matrix 71 on the exit side of the picture- transmitting ele- 
25 ment 1 in Figures 13-16 and Figures 6-9 is to permit collima- 
ted light to fall on the picture-transmitting element 1 in a 
direction which is directed towards an inner part of the 
projection screen 11. 
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Claims 

1* A projection system comprising a picture-transmitting 
element (1, IK) which includes a plurality of pixel openings 
5 (315R, 315G, 315B) provided with light valves or light swit- 
ches, a projection optic (7) in the beam path between the 
picture-transmitting element (1, IK) and the picture screen 
(11), a number of light sources (2, 2R, 2G, 2B) and an illu- 
mination optic (71, 171, 398, 4, 4', 4", 601, 703, 73), wherein 

10 the illumination optic functions to focus the light from the 
light sources (2) in a focal region (6) at the projection 
optic (7), characterized in that the illumination optic is 
constructed to direct the light towards the focal region (6) 
which is common to the light sources (2) and which is located 

15 so that the optical orthogonal projection thereof towards the 
picture- transmitting element (1, IK) is displaced from the 
center of the picture-transmitting element (1, IK) to produce 
a corresponding parallel-displaced, distortion-free projection 
picture or image on a projection screen (11) which is 

20 optically parallel with the picture-transmitting elements. 

2. A system according to Claim 1, characterized in that 
diffractive optical elements, microlenses and/or microprisros 
(72, 318) are arranged on the exit of each pixel opening (315, 

25 26) so as to direct the light towards the common focal region 
<6). 

3. A system according to one of Claims 1-2, characterized in 
that the picture-transmitting element (1, IK) is illuminated 

30 with light in different colors collimated, or with convergent 
Light and. with mutually different angles of incidence; in that 
the picture-transmitting element (1, IK) is formed by a 
plurality of essentially identical, closely packed and gene- 
rally rectangular pixel elements (PR, PG, PB - PA, PB, PC, PD) 

35 having pixel openings (315R, 315G, 315B - 1R, 1G, IB); 

in that the pixel elements are disposed in mutually equal and 
simiarly orientated groups of pixel elements for each of the 
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colors, wherein the pixel elements of each group are intended 
to be transilluminated by light of a number of colors in each 
pixel element* 

5 4. A system according to Claim 1-2, characterized in that time 
multiplexing is used by virtue of a multiplexor unit (22) 
alternatingly activating different light sources (2A-F) at the 
same time as relevant picture information concerning the 
activated color is active in an associated picture-trans- 
10 mitting element (1, IK). 

5. A system according to the two Claims 3 and 4. 

6. A system according to Claim 5, characterized in that light 
15 of several spectrally adjacent colors is sent alternately to 

one and the same pixel element (315R, 315G, 315B - 1R, 1G, 
IB) . 

7. A system according to any one of Claims 1-6, char act eiri zed 
20 in that collimated or convergent light of several colors 

(908R, 908G, 908B, 91) is arranged to fall at the entrance to 
the picture- transmitting element (1, IK) in different relative 
directions (311, 312 - 311R, 311B) onto an array (907 or 322, 
323) of essentially afocal microlens-system having a positive 

25 system-part (322; 94) and a negative system-part (323; 314R, 
314G, 314B) so that the different colors will essentially be 
transmitted through their respective local picture elements 
(315R, 315G, 315B - 1R, 1G, IB); and in that the positive 
microlenses have the same form as the groups of pixel elements 

30 or a hexagonal or rectangular form with the same surface area 
as said group, 

8. A system according to any one of Claims 1-6, characterized 
in that collimated or convergent light of different colors 

35 and having different relative directions (311, 312) with 
regard to the different colors falls on an array (322, 322F) 
of positive microlenses (94, 94F) , whereby the light is 
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separated into said different colors and focused prior to 
entering respective light valves or switches (315 - 315R, 
3154G, 315B - 1R, 1G , IB - 315A, 315B) , which after each light 
valve are followed by positive microlenses and/or DOE (317A, 
5 317B) which together form an array (324); in that the positive 
microlenses (94, 94F) have the same form as the groups of 
pixel elements or have an hexagonal or a rectangular form with 
the same surface area as said group; in that the positive 
microlenses and/or DOE (317A, 317B) have the same form as the 
10 pixel elements or have an hexagonal or a rectangular form with 
the same surface area as the light valves, 

9. A system according to any one of Claims 1-8, characterized 
in that the common focal region (6) of the illumination optic 
15 is located so that the optical orthogonal projection thereof 
to respective picture- transmitting elements (1, IK) will lie 
in the proximity of one edge of the picture-transmitting 
element ( 1 , IK) . 

20 10. A system according to any one of Claims 1-9, characterized 
in that the focal region (6) of the illumination optic common 
to all light sources is located so that the optical orthogonal 
projection thereof to respective picture-transmitting elements 
(1) will lie in the proximity of one corner of the picture- 

25 transmitting element (1). 

11 . A system according to any one of Claims 1-10 , charac- 
terized in that the focal region (6) of the illumination optic 
common to all light sources is located so that the optical 

30 orthogonal projection thereof to respective picture- transmit- 
ting elements (1) will lie outside a corner of the picture- 
transmitting element (1) so that the beam (SI) which passes 
from the objective (7) to the nearest corner (HI) on the 
projection screen (11) will define an angle (V2) of between 

35 0 and 20° with a normal to the screen (11). 
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12. A system according to any one of Claims 1-11, charac- 
terized by a transluscent-LCD-screen. 

13. A system according to Claim 12, characterized in that the 
5 picture-transmitting element (1, IK) is of a dispersive type. 

14. A diffusor where an irregular light distribution (920) 
from the light sources (2) is converted to uniform illumina- 
tion of an essentially regular surface (1, IK), characterized 

10 in that the diffusor is a mi crolens -variant of a honeycomb- 
condensor (663, 664) which is optionally preceded in the beam 
path by an essentially collimating objective (798). 

15. A diffusor where an irregular light distribution (920) 
15 from the light sources (2) is converted to uniform illumina- 
tion of an essentially regular surface (1, IK), characterized 
in that the diffusor is essentially obtained by placing cross- 
laid microprisms (41, 42) having random prism-angles with a 
determined distribution within a given range in a focal region 

20 of the beam path (43); and in that the cross-laid microprisms 
are optionally preceded in the beam path by an essentially 
collimating optic. 

16. A system according to any one of Claims 1-13 and any one 
25 of Claims 12-13, characterized in that light from the light 

sources (2) is focused onto a number of diffusor units (8). 

17. A system according to any one of Claims 1-16, charac- 
terized in that a plurality of differently colored illumina- 

30 tion light fluxes on the entrance side of the picture- trans- 
mitting element (1, IK) are combined by a combining device 
(5). 

18. A system according to any one of Claims 1-17, charac- 
35 terized in that the illumination optic on the entrance side 

of the picture-transmitting element ( 1 , IK) is comprised 
partially of a plurality of dichroitic ellipsoidal mirrors (4, 
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4', 4 M ) having a light source or real or virtual image of a 
light source in a focal point (9) which is common to the 
ellipsoids, while the other focal point (6, 6', 6") of the 
ellipsoids is not common to the ellipsoid mirrors. 

5 

19 • A system according to any one of Claims 1-17, charac- 
terized in that only one ellipsoidal mirror (4) is used as an 
illumination optic on the entrance side of the picture trans- 
mitting element (1, IK) with a light source or real or virtual 
10 image of a light source in the one focal point (9) of the 
ellipsoid. 

20. A system according to any one of Claims 18-19 , charac- 
terized in that the orthogonal projection of the second focal 

15 point (6, 6' , 6") to the picture-transmitting element (1) lies 
excentrically on the picture-transmitting element (1). 

21. A system according to any one of Claims 18-19 , charac- 
terized in that the illumination optic (4) is comprised of a 

20 plurality of paraboloidal mirrors with the focal point (9) 
essentially coinciding with a light source or a real or 
virtual image of a light source, with the symmetry axes not 
in a common direction- 

25 22. A system according to any one of Claims 18-20, charac- 
terized in that the orthogonal projection of the second focal 
point to the picture- transmitting element (1) lies excentri- 
cally on the picture-transmitting element (1); in that the 
maximum field angle (Al) on the exit of the upper side of the 

30 picture-transmitting element (1) is in the order of 0-20°; and 
in that the maximum field angle (A2) on the exit of the 
underside of the picture-transmitting element (1) is in the 
order of 0-30° . 

35 23. A system according to Claim 22, characterized in that the 
projection optic is comprised of an ocular provided with a 
decentered lens element; in that the maximum field angle (Bl) 
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on the exit of the upper side of the ocular (24) is in the 
order of 10-40"; and in that the maximum field angle (B2) on 
the exit of the undersida ocular (24) is in the order of 30- 
60* . 

5 

24. A collimator for collimating light of narrow band frequ- 
ency, characterized in that the collimating optic includes a 
waveguide plate (901, 601) into which light in the form of a 
collimated flat light beam (906) enters in a direction such 

10 that the light will be totally reflected multiply in the 
waveguide plate; in that one surface of the waveguide plate 
is provided with a phase grating (601D) having a successively 
increasing relief depth, so as to obtain essentially uniform 
light distribution out from the waveguide plate (901, 601) via 

15 the grating (601D). 

25. A collimator according to Claim 24, characterized in that 
the collimating optic is comprised of two series-connected 
waveguide plates (901, 601). 

20 

26. A system according to any one of Claism 1-25, charac- 
terized in that the illumination optic includes a waveguide 
plate (901, 601). 

25 27. A system according to any one of Claism 20-21, charac- 
terized in that the illumination optic on the entrance side 
of the picture-transmitting element (1) includes a plurality 
of waveguide plates (601R, 601G, 601B) , where each waveguide 
plate collimates the light from a plurality of different-color 

30 light sources (2R, 2G, 2B) . 

28. A system according to Claim 27, characterized in that 
light of at most two colors per waveguide plate is collimated; 
and in that light from the different waveguide plates is 
35 combined by means of dichroic mirrors (5). 
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29. A system according to any one of Claims 3-28 , charac- 
terized in that the colors are three in number; and in that 
the groups of pixel elements and the positive microlenses (94) 
have an L-shape. 

5 

30. A system according to Claim 29, characterized in that the 
pixel elements in similarly located corner regions of their 
respective picture element (315) have a respective transistor 
(93); in that the pixel elements in the L-shaped groups have 

10 their transistor (93) on a diagonal which extends through the 
centre pixel element of the group, which passes the corner 
contact point between the two remaining pixel elements of the 
pixel element group. 

15 31. A system according to any one of Claims 3-28, charac- 
terized in that the colors are three in number; and in that 
the gorups of pixel elements are in row or column form. 



32. A system according to any one of Claims 3-28, charac- 
20 terized in that the colors ar three in number; and in that the 

groups of pixel elements have a T-shape. 

33. A system according to any one of Claims 3-28, charac- 
terized in that the colors are four in number; in that the 

25 groups of pixel elements are rectangular or square in shape; 
and in that these groups are diagonally arranged. 

34. A system according to any one of Claism 1-33, charac- 
terized in that color filters are mounted on the pixel ele- 

30 ments (PR, PG, Pb or PA, PB, PC, PD) . 

35. A system according to Claim 34, characterized in that the 
color filters are of the reflection type so that light of the 
wrong color is reflected. 

35 

36. A system according to any one of Claim 1-35, charac- 
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terized in that lasers, laser diodes, light emitting diodes 
or arrays (202) thereof are arranged as light sources for 
single-color light. 

5 37. A system according to Claim 36, characterized in that the 
light from an array of single-color light sources (200) is 
combined with two DOE (201, 203). 

38. A system according to Claim 37, characterized in that the 
10 various light sources are mutually phase locked. 

39. A system according to Claim 37, characterized in that the 
various light sources have different wavelengths with a total 
band width of about 10 mm. 

15 

40. A system according to any one of Claims 1-36, charac- 
terized in that the primary light sources are comprised of a 
plurality of light emitting bodies (213) in lamps that include 
a rearwardly lying reflector (211) of an ellipsoidal, 

20 parabolic or spherical type. 
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